. (1976). British Journal of Industrial Medicine, 33, 65-71. Accidental exposure to isocyanate fumes in a group of firemen. A total of 35 firemen involved in fighting a fire in a factory in which polyurethane foam was made were exposed to fumes of toluene di-isocyanate from two large storage tanks which were damaged during the fire, resulting in massive spillage. Most of the men experienced symptoms during the fire or during the three weeks after it. The symptoms were mainly gastrointestinal, respiratory, or neurological. Altogether 15 men described gastrointestinal symptoms which subsided within two days of onset. Respiratory symptoms were described by 31 men and were most pronounced during the three days after the fire, thereafter tending to improve. The neurological findings are described separately. When the men were reviewed at six months there was a suggestion that some of them might have sustained long-term damage to the respiratory tract, and almost four years later 20 men had persistent respiratory symptoms. Serial measurements of ventilatory capacity revealed a marked decline in the first six months although this was not sustained.
A fire occurred in November 1967 at a factory manufacturing polyurethane foam, during which 35 firemen were exposed to chemical fumes including toluene di-isocyanate (TDI). The men were part-time firemen with the exception of five full-time officers. The fire started in a part of the factory where finished blocks of foam were stored and, because of the highly inflammable nature of the foam, the fire spread rapidly to the production section where several tanks of TDI and other chemicals used in the manufacturing process were stored (Table 1) .
The flexible polyurethane foam was manufactured by reacting toluene di-isocyanate and a propylene glycol, together with various additives. In the factory were several tanks each containing 13 500 litres TDI. When the fire had been in progress for *Dr McKerrow died in July 1972 tNow Bronglais Hospital, Aberystwyth Other delayed symptoms were chest tightness, breathlessness, and cough with or without sputum. Eight men developed a productive cough while a further five said they felt as if they had a heavy cold.
Chest symptoms in those affected were at their worst during the first three days and thereafter gradually subsided. Those who produced sputum described it as white and frothy with a pungent taste causing a burning sensation in the mouth and throat.
Chest radiographs obtained during the week after the fire showed no lesion attributable to the exposure.
One week after the fire the peak flow rate (PFR, Wright peak flow meter) was measured inallsymptomatic individuals and two weeks later the forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) were obtained with the patient seated.
Follow-up observations After six months 31 men were seen again: fourteen Four men who had had symptoms of bronchitis before the fire felt that their symptoms had been aggravated and a further four men had developed a cough with regular sputum production for the first time. Of the four men with newly-developed symptoms three were in their third decade and three were non-smokers. Their symptoms appeared between three and six months after the fire and while all four had some respiratory symptoms in the days immediately after the fire only one had sputum production at that time.
Repeat measurements of the PFR, FEV1, and FVC at this time showed a very small decline in the mean FEV1 and FVC which is not statistically significant (Table 5 ). The mean values of those in whom sputum production had appeared for the first time after the fire are compared in Table 6 with the remainder of the group. All indices except the FEV % had fallen more in the group with the onset of sputum and these men accounted for almost all the small fall in the FEV1 and the FVC, as shown in Table 5 .
The next opportunity to study the group was in July 1971, that is 44 months after the fire, when 31 men completed the Medical Research Council (MRC) Questionnaire on Respiratory Symptoms (1966) and measurements of PFR, FEV1, and FVC were obtained. By this time 20 men had respiratory symptoms of some kind, either cough and/or sputum, breathlessness, or chest tightness. Of these, 12 were experiencing sputum production for at least three months of the year, six being classified as having simple bronchitis (an affirmative answer to questions 6 or 8, and 10 in the MRC Questionnaire) and six as having chronic mucopurulent bronchitis (an affirmative answer to questions 6 or 8, and 10 plus 12 or 21 in the MRC Questionnaire). Four of this group had suffered from a regular morning cough before the fire and two of these had also experienced regular morning sputum production. Their smoking habits had not changed significantly during theperiod; eight of the 12 had smoked cigarettes and one had been a pipe smoker at the time of the fire; their mean tobacco consumption had been equivalent to 14 cigarettes a day. At the end of the study period seven were still smoking cigarettes and one smoked a pipe with a mean tobacco consumption equivalent to 13 cigarettes per day. The mean tobacco consumption for the total group at the time of the fire had been equivalent to 14 cigarettes per day among 20 smokers, but there was no significant change in smoking habits during the study period. Table 7 shows the mean values for PFR, FEV1, and FVC obtained at the end of the study period with the corresponding predicted normal values for the group (Cotes, 1975 (Table 10) , the excessive rate of loss of FEV1 during the first six months occurred mainly in those with symptoms of bronchitis and not in those without symptoms. After the first six months, however, subsequent losses in the symptomatic group were significantly less than in the asymptomatic group.
Discussion
Isocyanate compounds are now widely used in industry, mainly in the rubber, furniture, and paint industries. Toluene di-isocyanate (TDI) is the most widely used isocyanate compound in the United Kingdom but the use of diphenyl methane di-isocyanate (MDI) is increasing and naphthalene di-isocyanate (NDI) and hexamethylene di-isocyanate (HDI) are occasionally used. MDI and NDI are considerably less volatile than TDI and HDI, but in conditions in which volatilization could occur they can act as painful irritants to mucous membranes such as the conjunctiva, and to the respiratory tract Expected loss for normal men 0 031 0-021 (Cotes, 1975) as well as the skin. The effects of inhalation have been of concern and both acute and chronic changes in lung function in exposed workers have been reported (Fuchs and Valade, 1951; Zapp, 1957; Brugsch and Elkins, 1963; Gandevia, 1963; Munn, 1965; Williamson, 1965) . A state of hypersensitivity resulting in an asthma-like syndrome has been the major industrial problem as it can occur with repeated exposure to small amounts of TDI. For this reason the threshold limit value formerly established at 0 1 ppm has been lowered to 0-02 ppm, although there is evidence that even at levels below 0-02 ppm acute changes in ventilatory capacity can occur (Peters et al., 1970) . Industrialists recognize the hazard and every precaution is taken to protect personnel at risk by making available detailed operating and medical codes of practice (British Rubber Manufacturers Association, 1971) , but this paper describes how accidental massive exposure occurred in a group of firemen who were unaware of the hazard. There is little doubt that the firemen involved in fighting the factory fire described here were exposed to high concentrations of TDI intermittently during a period of eight hours and that acute symptoms occurred at the time of the fire and immediately after. Similar It has been suggested that there is a clear correlation between loss of pulmonary function and exposure to fires (Peters et al., 1974) . The rate of decline of ventilatory capacity in 1430 Boston firefighters studied during a two-year period was found to be more than twice the expected rate. However, the firemen described in this paper did not show a sustained reduction in ventilatory capacity but a marked decline during the six months after the fire with subsequent recovery. 
